Abstract:
INTRODUCTION
The efficiency and effectiveness of credit facility contribute immensely to production base of a sector, especially the Nigerian agricultural sector which is considered as the backbone of the economy [1] . The Nigerian agricultural sector employs more than one-third of the country's Gross Domestic Product (GD), provides approximately 75% of the rural employment and contributes about 35% to poverty reduction [1, 2] . However, as argued by Mathius food production in developing countries has not been commensurate with the level of population growth; this is because the growth and competitiveness of the agricultural sector have been decreasing due to farmers' lack of credit facilities to attain the required level of production [3] . Provision of credit facilities to farmers has been widely recognised as an effective policy for the enhancement of food production to cater for the teeming population [4] .
Inaccessibility of credit facility by farmers affects farm production in the sense that farmers experiencing capital constraint may tend to use a lower level of farm inputs in the production process [1, 2] . On the other hand, sufficient access to credit facilitates by farmers improves input use on the farm and therefore have an import effect on agricultural productivity [5] . Thus, access to credit facilities enables farmers to satisfy their cash desires encouraged by the agricultural production cycle and consumption requirements [5] . For instance, it was noted that in Ghana, the incidence of food shortage in 2009 was fuelled by lack of agricultural credit facilities to farmers for the required level of food production [6] .
It is widely believed in literature that to a large extent, food security is a function of an adequate food production as well as income to meet the households' nutritional level [7] . Agricultural credit facility to farmers could be in form of funds available to farmers to enable them buy the required farm inputs like; fertilizer, quality seeds, herbicides and pesticides into agricultural activities, and also enables them buy capital equipment like hoes, cutlasses, and water pumps has long been known to be some of the main hindrance of efficient food productivity in smallholder agriculture and lack of equipment to control emissions of greenhouse gases which damages crops and animals and negatively affect farmers health status [8, 7] .
For over two decades, value addition per capita into the Nigerian agricultural has been crawling, rising by less in 1% per year. Food production gains have not kept pace with population growth currently with an estimated population of over 185 million people; this has resulted in the increased importation of food and reduced the standard of Nigeria independence in terms of food [1] . Also, good institutions and credit facility to adopt ICT by farmers will boost productive capacity of agricultural sector as adequate food production and supply are known to be necessary factors in the development process and indispensable factors in social and economic development and overall quality of life of the population in an economy [9] .
Duong & Izumida, in their study noted the importance of agricultural credit and pointed out that credit facilities geared towards the agricultural sector are aimed at increasing agricultural production [10] . They also noted that credit facilities granted to farmers has recognised to be the main investment expenditure towards the development of the Nigerian agricultural sector. The reduction of the Nigerian agricultural sector production capacity has which has led to the reduction of foreign exchange earnings can be linked to the deficiency of credit felicity policy and the shortage of data for credit institutions, which could help distribute facilities evenly [11] .
As mentioned earlier, when agricultural inputs materials are made available, it is necessary, because credit to farmers are seen as another version of production material outside other inputs like labour, land, equipment and raw materials, which farmers rely on for productivity [12] .
Osabohien et al. pointed out that agricultural credit facilities are not only necessitated by the restriction of the ability of self-finance, it also necessitated by the ambiguity relating to the level of farm input materials, production functions and the time spend between inputs and output [1] . This statement is validated in agricultural credit to households' model where the ineffective level of communication existing between the creditors and the debtors was noted, regulation of credit demand thus becomes essential for monetary organisations to affect agricultural credit facilities [13, 14] .
However, credit regulatory policy tends to be regressive in nature with respect to the small-scale farm households in rural communities as it is associated with severe consequence for growth and equity purposes of growth strategy [15] . This is because when credit is controlled, some borrowers may not be able to secure the amount of credit required at the prevailing interest rate, nor be able to obtain more credit by offering to pay a higher interest rate. In such circumstances, liquidity can become a binding constraint on farmers' operations [15] .
Access to agricultural credit has a specific characteristic of increasing food production which in turn increases food security; this is validated by the large proportion of the population (about 45% of total population) who lives in the rural areas with agriculture as their major occupation [1] . Thus, limited access to credit for farmers, especially those in rural communities imposes a high cost on the society in terms of the challenges of food security resulting from low production. This is also in terms of rural unemployment, rural poverty, and distortion of production and liquidation of assets [7] . Various administration attempts to improve the level of credit facilities by enacting some programmes for efficient access credit funds such as the agricultural credit guarantee fund schemes (ACGFS) in 1977, the specialised agricultural credit bank (e.g. NACB, 1973 now NACRDB, 2002) and the stimulating institutional innovations in the financial system (e.g. People's Bank, Community Bank, Rural Banking Schemes, among others [16] . Irrespective of these credit programmes, many banks perceive agricultural credit as risky and seek to channel credit to less risky business such as stock market among others, this behaviour may be due to the rational and efficient responses to information and contracting problems inherent in agricultural credit markets by the lenders [10] .
Against this backdrop, this study aimed to evaluate the role of agricultural credit facilities in form of commercial bank credit to farmers and agricultural credit guarantee scheme funds to farmers in boosting agricultural productivity toward promoting food security in Nigeria. The study comprises of five sections, following this introductory section is a brief literature review which is stipulated in section two; section three encapsulates data and methods engaged for the analysis; section four presents the results and discussions and section five unveils the summary and conclusion.
STYLISED FACTS AND EMPIRICAL LITERATURE

Stylised Facts
The key concepts relating to this study is credit facility in form of commercial Bank credit and agricultural credit guarantee scheme fund, food security, and agricultural productivity are defined and discussed in this section.
This study tends to examine how credit facilities to agriculture in form of Commercial Bank Credit and agricultural credit guarantee scheme fund to the agricultural sector and its corresponding interest rate. Commercial banks credit to agriculture in Nigeria has been on the increase as observed in Fig. (1) [16] . From 1990 with a value of ₦4,221.4 million to ₦25,278.7 million in 1995. As at 2000, it was valued at ₦41,028.9 million which increased to ₦48,561. Food security, however, refers to a situation that exists when all people, always have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life [17] . This definition points out the fact that there are four important dimensions of food security; availability, accessibility, utilisation, and stability, these four dimensions even though they overlap explain the phenomenon of food security, in this study, Food security was measured using depth of food deficit as a proxy for utilization.
Data, as presented in Fig. (3) , showed that the depth of food deficit has been on a decline from 1990 [17] . It shows a trend analysis of the performance of the food security indicator over the 27 year period which has been on the decline from 134.00 calories in 1990 to 42.00 kilocalories in 2016. The value for Depth of the food deficit (kilocalories per person per day) in Nigeria was 42.00 kilocalories as of 2016 [17] . 
Empirical Literature
Obilor examined the impact of Commercial Banks Credit to agriculture on Agricultural Development in Nigeria; this study underscored the importance of credit availability to the agricultural sector for adequate development pointing out that inadequate capital is a key factor for hampering attainment of food security in Nigeria [18] . Results from the Depth of Food Deficit (kilocalories per person per day) study of Obilor showed that there exists a significant positive relationship between agricultural credit guarantee scheme fund and food production in Nigeria [18] . Also, the recommended that agricultural credit facility in terms of loans and other input supply should be easily accessible to farmers to encourage their participation in the agricultural sector which will increase production.
With the application of the Ordinary Least Squares (OLS) techniques analyzed the impact of commercial banks credit on agricultural productivity in Nigeria; the study concluded that there is a positive relationship between commercial banks' credit and agricultural productivity [19] . In a similar way Chris et al. focused on the significance of commercial banks credit on food availability [20] . The estimated results from this study showed that there exists a positive and significant relationship between agricultural credit guarantee scheme fund and agricultural production in Nigeria; their findings revealed a positive and significant relationship between commercial banks credit to the agricultural sector and food production in Nigeria. The result obtained indicated that an increase in commercial banks credit to agricultural sector will lead to an increase in agricultural production, hence food security in Nigeria. Interest rate which serves as a major factor in determining the desire for credit facilities was also examined. The authors found that a negative relationship exists between interest rate and agricultural output. This establishes that increasing interest rates may deter farmers and agricultural producers from borrowing funds, which may lead to declining output and reduced agricultural investment.
Bidisha et al. attempted to disentangle the relationship between credit, food security, and dietary diversity [21] . The study which was carried out through descriptive and econometric analysis focused on Bangladesh. The study found that access to credit facility tends to improve food security and allows households to achieve greater dietary diversity. They also find that greater calorie consumption per capita is more likely with households with access to credit.
O'Hara accessed how changes in the level of deposits in community banks influence total agricultural sales and direct-to-consumer agricultural sales of local food between 2002 and 2012, in rural states which includes North Dakota, South Dakota, Minnesota, Wyoming, and Montana [22] . The study finds that changes in community bank deposits had a positive impact on changes in direct-to-consumer agricultural sales of local foods. Also, total agricultural sales may not be impacted by changes in community bank deposits and that the consolidation of the commercial banking sector may influence the viability of farms in accessing credit.
DATA SOURCE AND METHODOLOGY
Data Source
The data for this study is obtained mainly from secondary sources, particularly from the 2016 World Bank (World Development Indicators). The time series data covered a period 1990-2016 and was used to estimate the specified model. The methods of analysis engaged in the study involve two main approaches, namely descriptive and econometric techniques.
The descriptive method was employed using tabular and graphical representations to show some indicators of food security in Nigeria. While the econometric analysis applied an econometric model that was fitted into data using the approach of the Autoregressive Distributed Lag (ARDL) Bounce testing procedure developed by Pesaran et al. to examine long-run relationship amongst population, agricultural productivity, and food security as well as short-run dynamics [23] .
The bound test was adopted for four reason reasons stated thus; firstly, it does not require that the variables under study must be integrated of the same other, unlike the Johansen Cointegration approach. Secondly, the bound test is suitable for small or infinite sample data, unlike the conventional approach which requires a large sample size. Thirdly, it allows the cointegration relationship to be estimated using the Ordinary Least Square method, and lastly, the long and short run parameters of the model can be estimated simultaneously.
Model Specification
To investigate the association amongst credit facilities and food security in Nigeria, Depth of food deficit index is the explained variable as proxy for food security; while the explanatory variables are Agricultural Credit Guarantee Scheme Fund (AGCSF), Commercial Bank Credits to the agricultural sector (BCRED), and lending interest rate (LINTR) and total Population (POP) as shown in Table 1 . Thus, the model for this stud is closely related to the study of Osabohien et al. (2018) ; hence, the model is expressed implicitly as expressed as;
(1)
Where:
DFD represents food security, measured by the depth of food deficit in Nigeria; POP is the total population in Nigeria, ACGSF represents Agricultural credit guarantee scheme fund, BCRED represents Commercial bank credits in form of loans, etc made available to the agricultural sector, LINTR represents the lending interest rate, μ is stochastic term and t is time.
The model can be represented in an explicit form as
(2)
Where; β0 is the Intercept, β1, β2, β3, and β4 are the coefficients of total population, agricultural credit scheme fund, bank credit, and lending interest rate respectively. Thus, the expected signs of the coefficient of the explanatory variable are, β0 > 0, β1 < 0, β2 > 0, β3 > 0 and β4 < 0. Hence, increase in the explanatory variables (except POP and LINTR) is expected to enhance the rate of food security, ceteris paribus.
Method of Estimation
The model for this study is hinged on bank credit channel theory. It explains who poses interest on credits through banks capital, particularly when banks' lending is constrained by a capital adequacy requirement [24] . Thus, an increase in interest rates will raise the cost of banks' external funding, but reduce banks' profits and capital. The tendency is for the banks to reduce their supply of loans if the capital constraint becomes binding. However, banks could also become more willing to lend during certain periods because of an improvement in their underlying financial condition.
To estimate the above formulated model, the study used time series data from 1990 to 2016 where there is availability of data for the variables [17] . The economic view package (E -views, version 10) was used in the estimation process. The ARDL model for equation (3) is specified as:
Once cointegration is established, the long run relationship is estimated using the conditional ARDL model specified as:
t-1+β2 t-1+β3 t-1+β4 t-1+β5 t-1 +μt
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The short run dynamic relationship is estimated using the error correction model specified as:
δ0: Constant term; μt means white noise, this captures other explanatory variables which are not explicitly captured in the model; δ1-δ5 represents the short-run elasticities (that is, coefficients of the first-differenced explanatory variables); β1-β5 represents the long-run elasticities (coefficients of the explanatory variables); ecm t-1 represents error correction term lagged for one period; α represents the speed of adjustment from short-run to long-run equilibrium in the event of shock; Δ represents first difference operator and P represents Lag length.
An F-test of the joint significance of the coefficients of the lagged levels of the variables was used to test the hypothesis of no cointegration amongst the variables against the presence of cointegration. The null hypothesis of no cointegration between credit facilities and food security given as: H0: δ1 = δ2 = δ3 = δ4 = δ5
The alternative hypothesis was given as
The F-test has a non-standard distribution irrespective of whether the variables are integrated at order 0, which is If the calculated F-statistics falls above the upper bound critical value, then the null hypothesis of no cointegration is rejected. If it falls below the lower bound, then the null hypothesis will be accepted. Finally, if it falls between the lower and upper bound, then the result would be inconclusive. The optimal lag length for the specified ARDL model was determined based on the Akaike Information Criterion (AIC).
RESULTS AND DISCUSSIONS
The Unit Root Test for Stationarity
The stationary test was conducted for the time series data using the Augmented Dickey-Fuller to determine the level of the unit root. Although, the bounds testing procedure does not require the pre-testing of the variables included in the model for unit roots owing to its suitability irrespective of whether the regressors in the model are purely integrated of 0; ie, I(0), purely order 1 [I(1)] or mutually cointegrated. The application of unit root tests in the ARDL procedure might still be necessary in order to ensure that the variables are integrated of order one and none of the variables is integrated of order 2 or beyond because the computed F-statistics provided by [23] are valid for only variables that are I(0) or I(1). The Augmented Dickey-Fuller (ADF) test was used to investigate whether the variables used in this study have a unit root or not Table 2 . The Augmented Dickey-Fuller (ADF) unit root testing of the variables indicates that three of the variables which include DFD the depth of food deficit, POP total population, and BCRED Commercial bank loans attain their stationarity at the first difference which means that they are all integrated of order one while ACGSF Agricultural credit guarantee scheme fund and LINTR lending interest rate attain stationarity at level which means it was integrated of
order zero. From the result above, the variables are not integrated at the same order, therefore, we conduct the Autoregressive Distributed Lag (ARDL) Bounce test [23] .
ARDL Bounce Test for Cointegration
Cointegration test is employed to ascertain the long-run equilibrium relationship between Bank Credit and Food Security. The result of the estimated coefficients of the long run relationship in Table 4 indicates that Population has a negative influence on food security in Nigeria. The estimated coefficient of the population (-0.000001) implies that 1 unit increase in population will decrease food security by approximately 0.000001 unit all things being equal. Agricultural credit guarantee scheme fund was found to be positively related to food security with an estimated coefficient of 0.000002. This implies that a 1 unit increase in Agricultural credit guarantee scheme fund will lead to an increase of Food security by a magnitude of 0.000002 units. Bank credit was found to be positively related to Food security with an estimated coefficient of (0.081204) which implies that 1unit increase in Bank credit will lead to an increase of Food security by 0.081204 units. The lending Interest rate was found to be positively related to Food security with an estimated coefficient of (2.5449793) which implies that 1 unit increase in Gross fixed capital formation will lead to an increase of Food security by 2.649793 unit. All variables were statistically significant at their respective level of significance. All variables apart from Lending Interest rate meet the a priori expectation.
The results of this study closely follow [25] in the area that improved level of credit given to farmers enhances the productivity level of the agricultural sector and thus lead to an increase in the level of food security in Nigeria as seen in ARDL result. This study is also in line with [26] where it was believed that access to agricultural credit to farmers increases their production capacity which in turn lead to food security, also aggress with [27] where it was pointed out that there exists a significant positive relationship between food security and the availability of agricultural credit to farmers. His study noted that one percent increase in the availability of agricultural credit to farmers amounted to a 2.5% and increase in agricultural productivity in Nigeria, this, of course, follows the apriori expectations. Also, the study of [28] finds that in Pakistan, small-scale farmers close to 76% of credit received from both formal and informal sources to improve their farm practices, thus, this was observed to increase agricultural productivity by 69% in the country.
From Table 5 above the coefficient of the error correction model ECM (-1) is (-0.180296 which satisfy the condition of being negative and lie between 0 and 1. This indicates in an event of disequilibrium, there is a tendency for the economy to return to equilibrium in the long run with a speed of 18%. 
Diagnostic Test and Stability Test
The ARDL model was validated and verified using a series of diagnostic and stability check to scrutinize the independence of the residuals from the fitted model. For a robust ARDL model, the residuals must exhibit the required independence during the diagnostic and stability checks, if not, the model is unacceptable statistically and requires further model modification before additional diagnostic and stability checks [23] .
In this way, the ARDL model becomes unbiased and robust to make the correct statistical inferences. Diagnostic tests employed to validate the ARDL model include; Heteroskedasticity Test, Jarque-Bera Test and Ramsey RESET Test as presented in Table 6 below.
ARDL residual heteroskedasticity was tested with Breusch-Pagan-Godfrey Test statistic [29] . The result showed that the Probability value of the observed R-squared is greater than 5% this means we accept the null hypothesis which indicates no heteroskedasticity. ARDL residual normal distribution was tested with Jarque-Bera test statistic. Evidence from Table 5 shows that the null hypothesis of multivariate normal distribution was accepted at the 5% significance level, this means that; the ARDL residuals are normally distributed. ARDL functional misspecification was estimated with Ramsey RESET Test statistic. Findings show that the probability level is greater than 5%, therefore, we accept the null hypothesis, meaning that there the ARDL model is in its functional form [29] .
Stability Test
To estimate the structural stability of the equation in the ARDL model, the study employed the CUSUM (Cumulative Sum test) and CUSUM (Cumulative Sum of Squares residual tests). 5) shows that all the plots in CUSUM and CUSUM of Squares residual test lie within the 5% significance level. Meaning that the estimated parameters of the equation in the ARDL model are constant and stable to verify and validate the evidence of ARDL cointegration bound test, the long-run and short-run relationship. In other words, the ARDL model is robust and meets stability conditions to make unbiased statistical inferences [30] . 
SUMMARY AND CONCLUSION
This study was motivated to examine the long-run relationship between agricultural credit facilities and food security in Nigeria. The study observed that farmers in Nigeria, especially those in rural communities generate approximately 75% of food production in most states of the country. In line with this, two agricultural credit facilities were considered in this study: commercial banks credit to farmers and the agricultural credit guarantee scheme fund, as credit facilities have been recognised to increase farmers production which will enable them to grow food and feed the teeming population.
Also, these credit facilities aim to enable farmers in rural communities to acquire skills and enhance their farming strategies in improving farm production; to enable institutions involved in providing microcredit provision are supporting them to improve their livelihood through expansion of the capital base.
Generally, in developing countries, lack of access to credit pose a limitationon on smallholders' investment and consequently, for agricultural production as well as income creation for farmers in particular and the government in general. Microcredit in Nigeria is unarguably seen as an effective strategy with the potential of improving food insecurity in the country. In order to achieve this objective in Nigeria, the opportunities of accessing credit facilities to farmers need to be increased and the volume also should be expanded, no doubt, this strategy will contribute immensely in reducing constraints to capital and improve the level food security.
Furthermore, placing the Sustainable Development Goal 2; which aims at eliminating hunger and achieve sustainable food security globally by year 2030: in line with that, this study, was also motivated by the need to contribute to the frontiers of knowledge and enlighten policy makers in propounding policies and programmes that will help to overcome the issue of food security, as the study examined the potential of commercial bank credit to agriculture and agricultural credit guarantee scheme fund towards improving food security in Nigeria, the aspect of population was also considered as it was argued that the rate of population growth in a country affects the state of food security in such country; it also examined the effect of lending rates of credits to agriculture on food security in Nigeria. The results from the ARDL confirmed that credit facilities such as commercial bank credits to the agricultural sector and agricultural credit guarantee scheme fund are needed in increasing the state of food security in Nigeria.
Therefore based on the results obtained, this study recommended that: policies on proper and a wide coverage of education on family planning should be implemented; this is based on the negative impact of population on the state of food security in Nigeria. Secondly, the positive impact of agricultural credit guarantee scheme fund and commercial banks credit to food security calls for an appropriate financing of the ACFSF by the government and monitor commercial banks lending interest rates imposed on credit facilities. In this regards, the government should continue to serve as guarantors for loans given to farmers as this will encourage the banks to lend more to farmers. Also, the positive impact of commercial banks' credit to food security draws attention to the importance of allocating more credit to the agricultural sector in Nigeria. This can be done by the central bank of Nigeria (CBN) through lowering of the interest rate charged on farmers for money borrowed for agricultural activities.
Similarly, the negative effect of interest rate on agriculture production also draws attention on the need to implement effective policy in lowering the rate of interest charged by commercial banks to farmers, the lowering of interest rate will enable bankers to reach a wider spread and allow more funds to farmers for the purpose of agricultural investment thus eroding the depth of food deficit.
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